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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001 ] The present invention relates to a digital sig- 
nal processing DSP platform for digital cellular mobile 
radio communication systems, which is capable of 
implementing, e.g., a gateway between a packet- 
switched network and a circuit- switched network real- 
ized using downloadable DSP platform. 

TECHNICAL BACKGROUND OF THE INVENTION 

[0002] In digital cellular mobile radio systems, dig- 
ital signal processing DSP is widely used in different 
applications such as speech coding, echo cancellation, 
data adaptation, etc. Heretofore, a plurality of digital sig- 
nal processing boards are provided to enable hardware 
support for such applications in view of the extremely 
high requirements to processing speed, internal data 
transfer and data storage, respectively. 
[0003] As shown in Fig. 1, data adaptation is pro- 
vided for the transfer of data between a circuit-switched 
network 100 and a packet switch 102 in gateway termi- 
nals 104-1, 104-n. Here, each gateway terminal 104- 
1, 104-n receives circuit-switched data from the cir- 
cuit-switched network 100 and executes a conversion to 
packet-switched data through the packet-switched net- 
work 102, or vice versa. Within the packet-switched net- 
work 102 a packet switch 106 then forwards the packet- 
switched data to base stations 108-1, 108-n. 
[0004] In the following, the terms "packet-switched 
data" and "packet-switched network" are used to refer to 
networks where data is transferred in the form of com- 
pact asynchronous packets that include also the 
address of the destination. One such example for a 
packet-switched network would be the asynchronous 
transfer mode ATM network. 

[0005] Further, the term "circuit-switched network" 
is used to refer to synchronous networks where stream 
of data in one connection of, e.g., 64 kbit/s for pulse 
code modulation PCM, is identified through the position 
of a certain number of bits in synchronous time frame 
structures, e.g., 8 bits that are called time slot or octet 
Within this method often being referred to as Time Divi- 
sion Multiple Access TDMA the data stream does not 
include any address information but nevertheless syn- 
chronous switches may route individual data streams as 
their constant positions in the continuous stream of time 
frames are known. The actual switching consists of 
switching position sensitive bit packets between differ- 
ent time frame structures where switching is controlled 
by outband signalling. This kind of data transfer is often 
referred to as Synchronous Transfer Mode STM. One 
example would be PCM-based Public Switched Teleph- 
ony Network PSTN. In circuit-switched networks the 
seized connection allocates a constant transfer band- 
width, e g., 64 kbit/s in the PCM network, for the whole 
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seizure time independently of how much of the reserved 
bandwidth is actually used. Typically, uncoded speech 
traffic is a good candidate for synchronous circuit- 
switched networks using PCM techniques. To the con- 
trary, in packet network the used bandwidth of a con- 
nection varies during its seizure time according to the 
amount of effective data which is actually transferred. 
One such example would be that during silence periods 
speech packets are more sekJomly transferred and/or 
that such speech packets are shorter than during 
speech bursts. One example for the use of a packet 

switch 106 with respect to base stations 108-1 108- 

n is a wide-band CDMA network. 
[0006] While in Fig. 1 the gateway terminals 104-1 
to 104-n are shown as being arranged between the cir- 
cuit-switched network 100 and the packet-switched net- 
work 102 it may be easily included in either of these 
networks. If they are included in the packet-switched 
network 102, their internal interfaces are oriented 
towards the packet switch 106 and their external open 
interlace are oriented towards the circuit-switched net- 
work, e.g., the PCM-based PSTN network. 
[0007] To the contrary, if the gateway terminals are 
included in the circuit-switched network 100 their inter- 
nal interfaces are oriented towards the synchronous cir- 
cuit switch (not shown in Fig. 1) and their external 
interfaces are oriented towards the packet-switched net- 
work 102. 

[0008] Further, the gateway terminals 104-1 

104-n may also be provided as stand alone node 
between different types of networks in which case all 
interfaces are open. 

[0009] The gateway terminals in Fig. 1 are 
assumed to handle only the gateway related functions 
like conversions between circuit-switched format and 
packet-switched format together with necessary buffer- 
ing. All the other DSP-functions like transcoding, echo 
cancelling etc. are assumed to be performed by other 
platforms located in either the circuit-switched or 
packet-switched networks. 

[001 0] As already outlined above and shown in Fig. 
2, another application for digital signal processing in 
digital cellular mobile radio systems is the transcoding 
o f speech, e.g., the coding and the decoding of speech. 

In Fig. 2 those units having the same functionality as the 

units shown in Fig. 1 are denoted using the same refer- 
ence numerals. 

[0011] With respect to transcoding digital signal 
processing posesses potential interfaces to both the cir- 
cuit-switched network wherein the speech is available in 
an uncoded format and the packet-switched network 
wherein the speech is available in coded format. How- 
ever, typically in the state of the art transcoders both 
uncoded and coded speech is accessed via interface to 
a circuit-switched network only (like GSM, D-AMDS and 
PDC) or via interface to a packet-switched network only 
(like wide band CDMA). Further, transcoding is a func- 
tion which inherently requires buffering of uncoded 
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speech samples in both directions, i.e. from the base 
stations to the network and vice versa. 
[0012] Due to this an extra buffering delay is intro- 
duced, if the gateway function and transcoding function 
are separated from each other like assumed in Fig. 1. 
Increasing the delay degrades the perceptual speech 
quality. 

[0013] Therefore, as shown in Fig. 2 it has been 
proposed to combine the buffering required for the gate- 
way functionality and the buffering required for the 
transcoding functionality into a single gateway trans- 
coder 110-1 110-n, i.e. in WO 97/28664 and WO 

97/37466 using such gateway transcoders the need for 
introducing extra delays due to the gateway functionality 
can be minimized. 

[0014] However, a drawback with the gateway 
transcoder shown in Fig. 2 is that they are usually 
bound to a certain packet-switched network, e.g., ATM. 
In addition, gateway transcoders usually cannot be 
used in base station parts which are based on pure cir- 
cuit-switching as in the GSM, D-AMPS or PDC standard 
where both coded and uncoded speech is transferred 
via synchronous switches. The same holds true for 
applications where the complete traffic is transferred via 
a packet switch like wide-band CDMA cellular systems. 
Both drawbacks consequently decrease the production 
series of the gateway transcoders and thus increase the 
overall system costs. 

[0015] Another drawback in the state of the art 
gateway transcoder pointed out in WO 97/28664 and 
WO 97/37466 is the utilization of the data payload of 
standard data packets (like ATM-cells). Since the size of 
an ATM-cell is 53 bytes out of which 48 are used for pay- 
load, it does not match together with the number of 
bytes required by the parameters of one frame of coded 
speech. One frame of coded speech corresponds typi- 
cally to a block of speech of a duration of 20 ms, which 
is equal to 160 uncoded speech samp les. 
,[0016] A coded speech frame typically consists of 
40 bytes (like GSM FR and EFR) or 20 bytes (like GSM 
HR). If coded speech of one frame is transferred exclu- 
sively by one ATM-cell, then the coded parameters can 
be transmitted immediately, when the coder has them 
available and the rest of the ATM-cell is padded with 
dummy bytes. In this case the delay is minimised, but 
transmission efficiency is wasted. In order not to waste 
transmission efficiency at least two coded speech 
frames shall share partially the same ATM-cell. In this 
case a frame cannot always be transferred completely, 
when it has been coded, but the sender has to wait for 
the next frame to be ready also before it is able to trans- 
mit the cell. This increases the buffering delay. 

SUMMARY OF THE INVENTION 

[001 7] In view of the above, the object of the inven- 
tion is to increase the applicability of a digital signal 
processing platform with interfaces to both circuit- 



switched and packet-switched networks in digital cellu- 
lar mobile radio systems. 

[0018] According to the present invention this 
object is achieved through a digital signal processing 

s platform for a digital cellular mobile radio system, com- 
prising at least one digital signal processing means 
adapted to process digital data, internal data exchange 
means adapted to a bidirectional transfer of digital data 
between the digital signal processing means and a cir- 

w cuit-switched platform interface means provided for the 
exchange of circuit-switched digital data with the digital 
signal processing platform, and a bidirectional transfer 
of digital data between the digital signal processing 
means and a packet-switched platform interface means 

75 provided for the exchange of packet-switched digital 
data with the digital signal processing platform; and 
control means adapted to operate the digital signal 
processing platform in a first mode to access both a cir- 
cuit-switched network and a packet-switched network, 

20 or to operate the digital signal processing platform in a 
second mode to access a circuit-switched network only, 
or to operate the digital signal processing platform in a 
third mode to access a packet-switched network, only. 
[0019] Therefore, according to the present inven- 

25 tion the digital signal processing platform can be used 
either as a plurality of gateway transcoders in the first 
mode, or as platform for many other applications in the 
second and third mode. 

[0020] This widens the application area of the dig- 
30 rtal signal processing platform increasing the production 
series and thus decreasing the design, production and 
product administration costs as well as finally the total 
system costs seen both by the manufacturer and the 
end-user. 

35 [0021] According to a preferred embodiment of the 
present invention at least two digital signal processing 
means execute a plurality of gateway mode, circurt- 
switched data mode, or packet-switched data mode 
applications concurrently under control of the control 

40 means. 

[0022] The option to execute parallel processing in 
the digital signal processing platform allows to increase 
the operation efficiency thereof in either of the first, sec- 
ond, and third mode, respectively. 

45 [0023] According to yet another preferred embodi- 
ment of the present invention the cfigital signal process- 
ing platform further comprises a memory means storing 
embedded digital signal processing programs executed 
by the digital signal processing means in the gateway 

so mode, circuit-switched data mode, and/or packet- 
switched data mode, and that embedded digital signal 
processing programs are updated in the memory 
means under control of the control means on remote 
demand. 

55 [0024] The concept of embedded programs which 
are downloaded to the digital signal processing platform 
on demand, too, increases the range of applications as 
this feature allows for a much more facilitated mainte- 
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nance of equipment using the digital signal processing 
platform. In other words, the external supply of data 
allows to adapt the functionality of the digital signal 
processing platform also after initial installation thereof. 
[0025] According to yet another preferred embodi- 
ment of the present invention the digital signal process- 
ing platform further comprises a control platform 
interface means provided for the exchange of externally 
supplied control data with the control means. 
[0026] The option to externally supply control data 
facilitates the maintenability of the digital signal 
processing platform since different operation modes 
thereof can easily be adapted to newly arising require- 
ments not being available at the first installation of the 
digital signal processing platform. 
[0027] According to yet another preferred embodi- 
ment of the present invention the internal data 
exchange means in the digital signal processing plat- 
form comprises an on-board high bandwidth packet 
b ased bus with variable packet sizes and the packet- 
s witched platform interface means, too , being adapted 
tC Lvariable packet sizes. 

[0028] The variable packet size as well as the traffic 
band width allocated to a digital signal processing plat- 
form may be controlled through the downloadable on- 
board embedded software which yields possibilities to 
connect the board together with a plurality of packet- 
switches and to save switch capacity when using differ- 
ent algorithms requiring different amount of digital sig- 
nal processing capacity. 

[0029] Therefore, according to the present inven- 
t ion variable packet sizes are not only used for the 
exchange of data from the outside to the digital signal 
processi ng platform but also for the exchange of data on 
al l on-board level. Thus, the extra buffering delay 
required for conversions between synchronous circuit- 
switched and asynchronous packet-switched data 
streams may be minimized. 

'[0030] In particular, if customer-specific packet 
switches with variable packet size, e.g., MiniCell 
switches are available, the extra delay may be mini- 
mized without wasting transmission capacity. Here, the 
only extra delay required is caused by the buffering on 
the receiver side to take into account the packet trans- 
mission delay and the jitter in it because of traffic load 
fluctuations. 

[0031] Nevertheless, rf the physical bandwidth is 
dimensioned property and speech packets may be 
transferred with prioritized real-time protocol, the trans- 
mission time cannot be higher than that of coded traffic 
frame in an ordinary circuit-switched base station sub- 
system which is typically 20 ms. 
[0032] Similar advantages as outlined above may 
be achieved through the digital signal processing 
method for digital cellular mobile radio system accord- 
ing to the present invention. 



DESCRIPTION OF THE DRAWING 

[0033] Preferred embodiments of the present inven- 
tion will, by way of example, be described in the follow- 
5 ing under reference to the drawing in which: 

Fig. 1 shows the use of gateway terminals to con- 
nect circuit-switched networks and packet- 
switched networks together according to the 
10 technical background of the present inven- 

tion; 

Fig.2 shows the use of gateway transcoders to 
connect a circuit-switched network and a 
is packet-switched networks together via trans- 

coding according to the technical back- 
ground of the present invention; 

Fig. 3 shows the concept of a digital signal 
20 processing platform according to the present 

invention that may be used as a gateway 
transcoder or solely within circuit-switched 
and packet-switched networks; 

25 Fig. 4 shews an overall basic block diagram for the 
digital signal processing platform according 
to the present invention; 
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Fig. 5 shows a first specific block diagram accord- 
ing to the basic block diagram shown in Fig. 
4; 

Fig. 6 shows a second specific block diagram 
according to the basic block diagram shown 
in Fig. 4; 

Fig. 7 shows a third specific block diagram accord- 
ing to the basic block diagram shown in Fig. 
4; 

Fig. 8 shows a fourth specific block diagram 
according to the basic block diagram shown 
in Fig. 4. 



45 DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] Fig. 3 shows the concept of a digital signal 
processing platform which may be either used as, e.g., 
gateway transcoder or as a platform for applications 
so exclusively in circuit-switched networks or packet- 
switched networks. 

[0035] In particular, Fig. 3 shows a circuit-switched 
network 10 on the one side and a packet-switched net- 
work 12 on the other side In either circuit-switched or 
55 packet-switched network as well as in between there 
are, provided a plurality of applications by digital signal 
processing platforms. In the circuit-switched network 10 
a circuit switch 16 connects the circuit-switched net- 
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work-specific digital signal processing DSP platform s 
14-1 . 14-2, 14-3 to ci rcuit-switched network-specific 
base stations 18-1, 18-2, 18-3 and/or to digital signal 

processing DSP platforms 14-6. 14-7, 14-8 provided 

as gateway transcoders between the circuit-switched 5 
network 1 0 and the packet-switched network 1 2. 
[0036] As shown in Fig. 3, in the packet-switched 
network a packet switch 18 connects the packet- 
switched network-specific digital signa l processing p lat- 
for ms 14-4, 14-5, 14-6 to packet-switched network-soe - w 
of ic base stations 2 0-1, 20-2, 20-3 and/or to the digital 
signal processing platforms 14-7, 14-8. 14-9 pro- 
vided as gateway transcoders between the circuit- 
switched network 10 and the packet-switched network 
12. is 
[0037] As shown in Fig. 3, when digital signal 
processing platforms are used purely in the circuit- 
switched network 10 they are connected only to the cir- 
cuit-switch 16 and implement applications which are 
typical circuit-switched network applications such as 20 
echo cancelling or transcoding for GSM, PDC or D- 
AMPS. 

[0038] To the contrary, when digital signal process- 
ing platforms are solely used in the packet-switched net- 
work 12, they are connected only to the packet switch 25 
1 8 and implement packet-switched network applications 
such as transcoding, data adaptation, soft handover 
and so forth. 

[0039] Further, the digital signal processing plat- 
forms are used as gateway transcoders. They are con- 30 
nected to both the circuit switch 16 and the packet 
switch 18. Then, they are typically just used as gateway , 
transcoders for, e g., GSM, PDC, D-AMPS or W-CDMA. 
Gateway transcoders are especially needed together 
with packet based backbone BSSs is in the future. 35 
Another such example is a Voice over IP gateway. 
[0040] Operatively, uncoded circuit-switched 
speech like PCM speech or data samples are trans- 
ferred between the circuit switch 16 and the gateway 
transcoders implemented on the basis of the digital sig- 40 

nal processing platforms 14-7, 14-8, 14-9 as data 

streams consisting of several circuit-switched connec- 
tions, e.g., up to tor instance 512 PCM-connections of 
64 kbit/is per platform. 

[0041] Further, during operation, coded speech or 45 
data frames are transferred between the gateway trans- 
coders on the basis of the digital signal processing plat- 
forms 14-7, 14-8, 14-9 and the packet switch 18. Here, 
the physical bandwidth should be high, e.g., 1 55Mbrtfe . 
Although the maximum average bandwidth used by so 
every application is most likely much lower. However, 
the lower the average bandwidth of the application in 
comparison to the actual physical bandwidth is, the 
lower the transfer delays for the related data packets 
are, because they are sent in bursts with the physical ss 
bandwidth frequency. Also, the fester the data packets 
are sent through the lower the congestion delays are. 
[0042] Considering both, circuit- and packet- 



switched data, if in gateway applications the maximum 
duplex payload bandwidth on the synchronous circuit- 
switched network side is 32 Mbit/s, the duplex band- 
width on the packet-switched side cannot be more than 
8 Mbit/s since coding reduces the bandwidth need at 
least by a factor of 4 in a typical case. Therefore, only in 
case the digital signal processing platform is used in a 
pure packet-based environment the bandwidth can be 
higher in case the application complexity is sufficiently 
low. 

[0043] E.g., if the digital signal processing platform 
possesses a processing power of 8 Gips and the aver- 
age processing intensity required by the application run- 
ning in the digital signal processing platform is below 80 
instructions per bit then the duplex payload bandwidth 
could be as high as 100 Mbit/s on the average. How- 
ever, factors other than the processing power may also 
limit the bandmdth such as the available memory size 
and electrical power consumption in the digital signal 
processing platform. 

[0044] In case the digital signal processing plat- 
forms 14-1 14-n implement different codecs such as 

GSM FR, EFR a nd HR codecs depending on overhead 
and efficiency of the implementations the Mips-require- 
ments for these codecs including both coding and 
decoding are roughly below 5, 20, and 25 Mips per 
channel, respectively. Further, their duplex bandwidths 
are 80, 80, and 72 kbit/s per channel, respectively. For 
instance, with GSM FR or EFR 64 kbit/s for uncoded 
speech and 1 6 kbit/s for coded speech, which yields 80 
kbH/s. Overall, this yields processing intensities of 62, 
250 and 347 instructions per bit for GSM FR, EFR and 
HR codecs. 

[0045] Still further, as shown in Fig. 3 different dig- 
ital signal processing platforms may be connected in 
pools both in the circuit-switched network 10 and the 
packet-switched network 12 to save switch capacity in 
the circuit switch 16 and the packet switch 18. Also, 
using this approach, the number of gateway transcod- 
ers per node may be decreased. 
[0046] Pooling of platforms saves switch capacity 
and decreases the number of transcoders per node 
compared to semipermanently connected platforms, 
because each base station port rs not permanently con- 
nected to a transcoder port, but a transcoder port is 
seized, when a call is set up. The number of transcoders 
in a node is based on traffic analysis but it is typically 
much lower than the number of served base station 
ports. This is based on the fact that in practise all the 
base station ports are not seized at the same time, but 
only a certain maximum number of them needs concur- 
rent access to transcoders. 

[0047] Still further, signalling between a circuit- 
switched network and a packet-switched network can 
also be implemented into the gateway transcoders on 
the basis of the digital signal processing platform 
because the functionality of these platforms is control- 
led by downloaded embedded software and thus may 
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be also programmed to take care of signalling data 
packets transferred between the circuit-switched net- 
work 10 (like SS7) and the packet-switched network 12 
(like SIP). 

[0048] In the following, specific implementations of s 
the digital signal processing platform will be illustrated 
with respect to the Figs. 4 to 8. Here. Fig. 4 shows the 
general block diagram for the digital signal processing 
platform while the further Figs. 5 to 8 refer to specific 
implementations thereof. w 
[0049] As shown in Fig. 4, each digital signal 
processing platform derides into an external data 
exchange unit 16, an internal data exchange unit 18. a 
digital signal processing unit 20, a control unit 22, and a 
memory 24, respectively. In the external data exchange is 
unit 16, there is provided a platform interface for circuit- 
switched data 26, a platform interface for packet- 
switched data 28, and a platform interface for control 
data 30 which is optional as will be discussed in more 
detail herein below. In addition, the digital signal 20 
processing unit may comprise a plurality of signal proc- 
essors 20-1 , .... 20-n, respectively. 
[0050] Operativefy, the platform interlace for circuit- 
switched data 26 enables a bidirectional transfer of dig- 
ital data between the outside of the digital signal 25 
processing platform 14 and the digital signal processing 
unit 20 and the platform interlace for packet-switched 
data 28 enables a bidirectional transfer of cfigitai data 
between the external side of the cfigitai signal process- 
ing platform 1 4 and the digital signal processing unit 20. 30 
To implement the different operation alternatives dis- 
cussed above with respect to Rg . 3 the control unit 22 is 
adapted to operate the digital signal processing plat- 
form 14 in a first mode to access both the circuit- 
switched network 10 and the packet-switched network 35 
12. In a second mode the control unit 22 operates the 
digital signal processing platform 14 to access the cir- 
cuit-switched network only. Finally, in a third mode the 
control unit 22 operates the digital signal processing 
platform 14 to access the packet-switched network, 40 
only. 

[0051] Still further, in case the digital signal 
processing unit 20 is provided with a plurality of signal 
processors 20-1, 20-2, .... 20-n, it is possible that at 
least two signal processors execute a plurality of differ- 45 
ent applications implementing gateway functionality, cir- 
cuit-switched data processing functionality or packet- 
switched data processing functionality under control of 
the control unit 22. 

[0052] Still further, the memory 24 as shown in Fig , so 
4 stores em bedded digital signal processing program 
executed through the digital signal processing unit 20 
during operation as gateway or to implement circuit- 
switched data-specific functionality and packet- 
switched data functionality, respectively. An important 55 
aspect of the present invention is that the memory 24 
may be updated in a remote fashion, i.e. from the out- 
side of the digital signal processing platform 14 in case 



such an update is necessary to adapt the digital signal 
processing platform 14 to new requirements. This is 
particularly useful in case the digital signal processing 
platform 14 is used, e.g., in switching parts of a digital 
cellular mobile racfio system as being installed in rural 
environments. The same advantage is achieved with 
the platform interface for control data 30 provided for the 
exchange of externally supplied control data for the con- 
trol unit 22. 

[0053] Overall, the digital signal processing plat- 
form 1 4 is processed under control of the control unit 22 
such that initially circuit-switched and/or packet- 
witched digital data is received at the digital signal 
processing platform. Then, this received digital data is 
converted either in the platform interface for circuit- 
switched data 26 or in the platform interface for packet- 
switched data 28 into an on-board specific data format. 
Using this on-board specific data format the internal 
data exchange unit 18 achieves the transfer of the 
received digital data to the digital signal processing unit 

20-1 20-n which is then processed therein. Then, 

the processed digital data is transferred back via the 
internal data exchange unit 18 to the platform interface 
for circuit-switched or packet-switched data for recon- 
version of the data from the on-board data format to the 
circuit-switched data format and/or packet-switched 
data formal Finally, either the platform interface for cir- 
cuit-switched data 26 or the platform interface for 
packet-switched data 28 transfers the reconverted on- 
board digital data to the circuit-switched network and/or 
the packet-switched network. 
[0054] Another important aspect of the present 
invention is that the internal data exchange unit allows 
for implementation of a packet-based data bus to be dis- 
cussed in more detail herein below and that the present 
invention also enables a variable setting of a packe t- 
d ata size within the internal data exchange unit . Further, 
the same holds true for the packet size used in the plat- 
form interface for packet-switched data 28. 
[0055] In conclusion, in case the traffic bandwidth 
allocated to the digital processing platform 1 4 is control- 
led through downloaded embedded software there 
arises the possibility to connect the digital signal 
processing platform together with different packet 
switches 18 shown in Rg. 3 and to save switch capacity 
through the use of different algorithms designed to use 
different amounts of digital signal processing capacity. 
I n addition, the variable packet size on both the platform 
packet data interface and internal data exchang e 
means may be optimally shaped to the specific applica-^ 
ton running on the digital signal processing platform 1 4^ 
e.g., the coding of speech according to GSM HR, EFR 
and HR coding. 

[0056] In the following, specific circuit cfagrams for 
the different implementations of the digital signal 
processing platform 1 4 will be discussed with respect to 
the Rgs. 5 to 8. 

[0057] Fig. 5 shows a first block diagram for the 
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implementation of the digital signal processing platform 
14. Here, the units having the same function as those 
outlined above with respect to the Fig. 4 are denoted 
using the same reference numerals. 
[0058] As shown in Fig. 5, the internal data s 
exchange means 18 comprises a first duplex bus 32 
that is connected to a first bus interface 34 and a bus 
interface 36 of the digital signal processing unit 20. In 
case the digital signal processing unit 20 is divided into 

a plurality of signal processors 20-1, 20-2 20-n, w 

each of these signal processors 20-1 , 20-2, .... 20-n, is 

provided with its own bus irrteface 36-1, 36-2 36-n, 

respectively. Typically, the first duplex bus 32 is an on- 
board high bandwidth packet-based bus enabling varia- 
ble packet sizes. Also, the first bus interface 34 is used is 
as bus arbitration master and the bus interface units 36- 

1. 36-2 of the digital signal processors 20-1, 20-2, 

20-n are used as bus arbitration slaves. 
[0059] As is also shown in Fig. 5, the first bus inter- 
face 34 is connected to the platform interface for circuit- 20 
switched data 26, the platform interface for packet- 
switched data 28 and the control unit 22. Also, a first 
FIFO memory 38 is provided between the pla tform inter- 
face for packet-swftcfied data and the first bus intQiace 
34 and a second Hi-u memory 4 U ife provided between 25 
t he pJatforrrTinteriate tor ftrturt-switched data 26 and 
t he first bus interface 34! 

[0060] According to the implementation shown in 
Fig. 5 the platform interface for circuit-switched data 26, 
the platform interface for packet-switched data 28, the 30 
platform interface for control data 30, the first bus inter- 
face 34, the control unit 22, the first FIFO memory 38 
a nd the second FIFO mem ory 40 are integrated into an 
in terface ASIC 42 . However tne same functionality can 
also be achieved with discrete functional components. 35 
This is also covered by this invention. 
[0061] Operatively, the first bus interface 34 takes 
care of the arbitration of the first duplex bus 32. Also, the 
provision of the first FIFO memory 38 and the second 
FIFO memory 40 allows for the avoidance of traffic con- 40 
gestions in the bus interface 34. 
[0062] The traffic congestions within the bus inter- 
face 34 can be minimized because data packets trans- 
ferred via it can be Hushed" to FIFOs whether or not the 
final destination is ready to receive the packets at the 45 
moments. So FIFOs are used to filter temporary fluctu- 
ations in the internal traffic intensity. 
[0063] Further, the on-board embedded software 
may control the first duplex bus 32 so that the digital sig- 
nal processing platform is adapted to different versions so 
of the platform interface for packet-switched data 28 and 
also different traffic bandwidths may be allocated on the 
platform interface for circuit-switched data 26. This facil- 
itates the adaptation of the digital signal processing 
platform 14 to different applications and also the adap- ss 
tation to different connections via the downloading of 
different embedded software onto the digital signal 
processing platform 14. 



[0064] Still further, the platform interface for packet- 
switched data is handling the interface to the packet 
switch 18 shown in Fig. 3 and establishes the proper 
synchronization and conversion functions needed in 
adapting the external data packet traffic to the on-board 
packet-based data format This adaptation function is 
also configured through the on-board software so that 
different physical as well as logical packet sizes are sup- 
ported, as already outlined above. Typical examples are 
ATM - or internet data packets, but nevertheless the dig- 
ital signal processing platform 14 can also be adapted 
to user-specific proprietary packet switches, e.g., Mini- 
Cell switches, if and when such are available. 
[0065] As already outlined above, the configuration 
of the on-board packet data size is achieved through the 
embedded software and allows to minimize the draw- 
backs usually arising in gateway transcoders. In partic- 
ular, especially if an ordina ry ATM switch is u sed as 
p acket switch 18 shown in Ho. 3 the size of physica l 
data packets is 53 bytes with a payload of 48 bytes. 
However, this does not match the size of coded traffic 
frame, e.g., 40 bytes for the GSM full rate standard 
GSM FR. This usually increases the buffering delay in 
the transcoder if maximized use of payload is aimed at. 
[0066] E.g., for the GSM full rate standard GSM FR 
according to the prior art approaches at least two 
frames are partially packed in a single ATM cell. This 
implies that the transmitter of a coded speech (like 
transcoder) is not always able to transmit the whole 
frame when it gets ready in the coder, but it has to wait 
for the next frame to get ready too in order to fill an ATM- 
cell. This causes an extra delay of at least 20 ms. In 
order to avoid data underrun the receiver of the ATM- 
cells must introduce an extra buffering delay. 
[0067] To the contrary, if a one-to-one relationship 
between the standard ATM-cells and coded traffic 
frames is used, the extended buffering delay on the 
receiver side may be avoided, but a part of the transmis- 
sion capacity is usually wasted since the payload of 
each ATM-cell must be padded by unused bytes. 
[0068] One approach provided so far is to build a 
higher protocol layer on top of the ATM-cell stream 
which is referred to ATM-adaptation layer type AAL2. 
Here, a Mini-Cell concept is defined to pack data stream 
of a connection. One Mini-Cell can contain, e.g., all 
coded parameters of each 20 ms speech frame as pay- 
load. Then, several Mini-Cell streams may be allocated 
within an AAL2-stream and hereby transmission of 
unused octets within ATM-cells may be minimized. In 
order to utilize Mini-Cell concept an ATM-switching unit 
is no more so easy to define, since an ATM-cell stream 
and a Mini-Cell stream are not in a one-to-one relation. 
The basic switching unit is Mini-Cell instead of ATM-cell 
and Mini-Cell switching function shall be available 
somewhere in the packet data way. 
[0069] Referring again to Fig. 5 it is, e.g., the bus 
interface 34 in the digital signal processing platform 14 
that may handle the rnurtiplexing/dernurtiplexing of Mini- 
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Cells according to the AAL2 standard. Nevertheless, if 
the increased delay or unused payioad is not consid- 
ered a problem, solutions using an ordinary ATM-switch 
as known from the state of the art may also easily be 
adapted to by the digital signal processing platform 14 5 
according to the invention. 

[0070] Further, the platform interface for circuit- 
swrtched digital data connects to the circuit switch 1 6 of 
the circuit-switched network as shown in Rg. 3. It again 
contains proper synchronization and conversion tunc- 10 
tions needed in adapting the synchronized circuit- 
switched traffic to the on-board asynchronous proprie- 
tary data format. Here, the control system of the circuit 
switch 16 shown in Rg. 3 and the control unit 22 using 
embedded software stored in the memory 24 together is 
can control the number of, &g., 64 kbrt/s PCM connec- 
tions in steps of i x 128, where i = 1, .... 4. 
[0071 ] Still further, the platform interface for control 
data 30 is handling the interfacing for external proprie- 
tory control data. It is connected to the control unit 22 20 
which is a microprocessor core capable of handling the 
control data information required for the applications 
implemented on the digital signal processing platform 
14. The platform interface for control data 30 can be 
based, e.g., on the Ethernet/IP connection. In this case 25 
the external system control controlling the digital signal 
processing platform 14 is supposed to be located in the 
circuit-switched network. 

[0072] As can also be seen in Rg. 5, the control sig- 
nalling can be routed between the packet switch 18 30 
shown in Rg. 3 and the control unit 22 via the platform 
interlace for packet-switched data 28 and the first bus 
interface 34 through using dedicated control signalling 
data packets and proper packet addressing. In this case 
the external system control, which controls the digital 35 
signal processing platform 14, is supposed to be 
located in the packet-switched network 12 shown in Rg. 
3. 

[0073] Further, accessing the platform interface for 
control data 30 is performed by the control unit 22 which 40 
also accesses the digital signal processing unit 20 with 

its specific signal processors 20-1 20-n using the 

on-board packet-based data format. This, too, is imple- 
mented with embedded software which is downloaded 
from the outside of the digital signal processing platform 45 
14. 

[0074] The applications executed in the digital sig- 
nal processing means 20 are fully determined by the 
embedded software downloaded to the memory 24 of 
the digital signal processing platform. One example for so 
the implementation of this memory 24 would be a non- 
volatile program storage FPROM which is controlled 
through the control unit 22. Further, also the download- 
ing of new software is handled through the control unit 
22 and performed either via the platform interface for ss 
control data 30 or via the platform interface for packet- 
switched data 28 which ever is used between the exter- 
nal system control means and the digital signal process- 



ing platform 14. 

[0075] In case the digital signal processing means 
20 or the related signal processors 20-1 20-n imple- 
ment a gateway transcoder, the function is achieved 
through the embedded software adapted to 
receive/transmit coded speech or data frames via the 
platform interface for packet-switched data 28 and also 
to receive/transmit uncoded PCM samples via the plat- 
form interface for circuit-switched digital data 26. As out- 
lined above, the access to the platform interfaces is 
handled using on-board optimized proprietory packet- 
based data formats for the first duplex bus 32. E.g., 
coded speech frames of GSM FR, EFR or HR codecs 
may be packed into the on-board packet-based data for- 
mat e.g., Mini-Cells, and transferred between the digital 
signal processing unit 20 and the platform interface for 
packet-switched data 28. One frame would occupy the 
payioad of a single data packet and a traffic connection 
would be allocated on top of a packet stream, eg., Mini- 
Cell stream in AAL2, which would yield a minimum extra 
buffering delay. 

[0076] Using this approach, just the transmission 
delay and the jitter because of varying traffic load must 
be taken into account by the buffering at the receiver 
side, but the resulting delay is probably much shorter 
than the transmission time of coded traffic frames in 
ordinary circuit-switched base station parts, which is 
typically 20 ms. 

[0077] Theoretically, if the payioad bandwidth 
reserved for packet-based transmission of speech is 
identical to the bandwidth of a synchronous circuit- 
switched PCM line and speech transmission is priori- 
tized over other traffic types on the same line, then the 
delay of a speech packet can reach 20 ms first when all 
channels are seized and all are speaking at the same 
lime, i.e. the whole bandwidth for speech is allocated. 
Nevertheless, this is equivalent to a congestion state at 
traditional circuit switched PCM lines and in this case it 
can be said that the transmission delay of a packet is 
always less than or at most equal to the transmission 
delay of a frame on a synchronous PCM line, if the pay- 
load bandwidths are equal. 

[0078] Referring again to Rg. 5, uncoded circuit- 
switched data samples are buffered in the second FIFO 
memory 40. Here, circuit-switched data samples are 
receivedflransmrtted from/to the circuit switch 16 shown 
in Rg. 3 synchronously tor PCM-line with one sam- 
ple/125 its for each 64 kbit/s PCM connection accessed 
by the digital signal processing platform 14. 
[0079] One possibility to convert uncoded circuit 
switched data between the platform interface for circuit- 
switched data 26 and the first duplex bus 32 is to use 
circuit emulation. Here all timeslots for one circurt- 
switched frame structure per 125 us is 
packed/unpacked tc/from a proprietary on-board data 
packet, which is transmitted/received to/from digital sig- 
nal processing means 20. If the digital signal processing 
means 20 consists of several DSP-units 20-1 20 n, 
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then one circrt switched frame structure can be split to 
several packets destined to/originated from correspond- 
ing DSP-units 20-1, .... 20-n. The proper ordering and 
time integrity of time slots within a circuit switched frame 
structure must be kept by the first bus interface 34. 5 
[0080] Fig. 6 illustrates a block diagram of a digital 
signal processing platform 14 having a separate syn- 
chronous bus for the transfer of circuit-switched digital 
data. Here, functional units being identical to those pre- 
viously discussed with respect to Fig. 4 and 5, respec- w 
tively, are denoted using the same reference numerals 
and description thereof will be omitted. 
[0081] As shown in Fig. 6, there is provided a sec- 
ond duplex bus 44 between the platform interface for cir- 
cuit-switched digital data 26 and the digital signal is 
processing unit 20. Here, each signal processor 20-1, 
.... 20-n of the digital signal processing unit 20 is pro- 
vided with a defeated processor interface for circuit- 
switched data 46-1, 46-n, respectively. Operative!* 
in the digital signal processing platform shown in Fig. 6 so 
the bridging between the synchronous circuit-switched 
data traffic, eg., PCM-traffic, and the asynchronous 
proprietary data packets is thus implemented in the dig- 
ital signal processing units 20-1 20-n under the con- 
trol of their programs. Further, in this case the buffering 25 
of circuit-switched data samples being described with 
respect to Fig. 5 and the second FIFO memory 14 
shown therein, too, is handled in the processor inter- 
faces for rircurt-switched data packets 46-1 , 46-n. 
[0082] Compared to Rg. 5 the conversion between 30 
the platform interface for circuit-switched data 26 and 
the on-board proprietary packet data format on the first 
duplex bus 32 is avoided in the implementation illus- 
trated in Rg. 6, which makes the function within Inter- 
face ASIC 42 simpler. 35 
[0083] A further modification of the previously dis- 
cussed digital signal processing platform is shewn in 
Rg. 7. Here, again previously discussed functional units 
are denoted using the same reference numerals and 
description thereof will be omitted. 40 
[0084] The digital signal processing platform shown 
in Rg. 7 differs over the previously discussed digital sig- 
nal processing platforms in that here the dedicated 
packet-based data format implementing duplex bus 48 
is directly provided between the platform interface for 45 
packet-switched data 28 and packet-switched interface 

units 50-1, ...,50-nofthe signal processors 20-1 20- 

n of the digital signal processing means. 
[0085] Operatively, under control of the control unit 
22 the platform interface for packet-switched data 28 so 
now is used as bus arbitration master and the packet- 
switched interface units 50-1 , .... 50-n of the signal proc- 
essors 20-1, 20-n are used as bus arbitration slaves. 
Further, control of the processing in the digital signal 
processing unit 20 is executed by the control unit 22 via ss 
the platform interface for packet-switched data. 
[0086] Rg. 8 shows a modification of the digital sig- 
nal processing platform shown in Fig. 7. Here, too, func- 



tional units previously discussed are denoted using the 
same reference numerals and description thereof will 
be omitted. 

[0087] The digital signal processing platform 14 
shown in Fig. 8 differs ever the previously shown digital 
signal processing platform 14 shown in Rg. 7 in that 
there is provided a dedicated duplex bus 52 for the 
exchange of data between the signal processors 20-1, 
20-n of the digital signal processing unit 20 and the 
control unit 22. Here, a link between the platform inter- 
faces for packet-switched data 28 and the control unit 
22 is required if the platform interface for control data 30 
is omitted, and external control signalling is accessing 
the digital signal processing platform 1 4 via the platform 
interface for packet switched data 28. 
[0088] With the above flexibilities the digital signal 
processing platform 14 may be adapted to different 
applications with varying digital signal processing 
capacity requirements without wasting too much switch- 
ing capacity of either circuit switch 16 of the circuit- 
switched network 10 or the packet switch 18 of the 
packet-switched network 12, respectively. 

Terminology and Abbreviations 

[0089] 

AAL2 ATM Adaptation Layer type 2 

ASIC Application Specific Integrated Circuit 

ATM Asynchronous Transfer Mode 

BSS Base Station System (BTS:s and BSC 

together) 

BSC Base Station Controller 

BTS Base Transceiver Station 

CDMA Code Division Multiple Access 

D-AMPS Digital American Mobile Phone System 

DSP Digital Signal Processing or Digital Signal 

Processor 

EFR Enhanced Full Rate 

FIFO Rrst In Rrst Out data buffer memory 

FPROM Rash Programmable Read Only Memory 

FR Full Rate 

Gips Giga instructions per second 

GSM Global System for Mobile communication 

HR Half Rate 

IP Internet Protcol 

MIPS Million instructions per second 

MSC Mobile Switching Centre 

PDC Personal Digital Cellular system (Japanese 

mobile phone system) 

PCM Pulse Code Modulation 

PSTN Public Switched Telephony Network 

SIP Session Initiation Protocol 

SS7 Signalling System Nr. 7 

STM Synchronous Transfer Mode 

TDMA Time Division Multiple Access 

WCS Wide band Cellular System 

W-CDMA Wide band CDMA 
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Claims 

1 . Digital signal processing platform for a digital cellu- 
lar mobile radio system, comprising: 

5 

a) at least one digital signal processing means 
(20-1 20-n) adapted to process digital data; 

b) internal data exchange means (18) adapted 

to 10 

b1) a bidirectional transfer of digital data 
between the digital signal processing 
means (20-1 20-n) and a circuit- 
switched platform interface means (26) is 
provided for the exchange of circuit- 
switched digital data with the digital signal 
processing platform (14), and 

b2) a bidirectional transfer of digital data so 
between the digital signal processing 
means (20-1, 20-n) and a packet- 
switched platform interface means (28) 
provided for the exchange of packet- 
switched digital data with the cfigital signal 25 
processing platform (14); and 

c) control means (22) adapted to operate the 
digital signal processing platform (14) in a first 
mode to access both a tircurt-switched network 30 
(10) and a packet-switched network (12), or to 
operate the digital signal processing platform 
(14) in a second mode to access the circuit- 
switched network (10) only, or to operate the 
digital signal processing platform (1 4) in a third 35 
mode to access the packet-switched network 
(12), only. 

2. Digital signal processing platform according to 
claim 1, characterized in that at least two digital 40 
signal processing means (20-1 , .... 20-n) execute a 
plurality of gateway mode, circuit-switched data 
mode, or packet-switched data mode applications 
concurrently under control of the control means 

(22). 45 

3. Digital signal processing platform according to 
claim 1 or 2, characterized in that it further com- 
prises a memory means (24) storing embedded 
digital signal processing programs executed by the so 
digital signal processing means (20-1, .... 20-n) in 
the gateway mode, circuit-switched data mode, 
and/or packet-switched data mode, and that 
embedded digital signal processing programs are 
updated in the memory means (24) under control of ss 
the control means (22) on remote demand. 

4. Digital signal processing platform according to one 



of the claims 1 to 3, characterized In that it further 
comprises a control platform interface means (30) 
provided for the exchange of externally supplied 
control data for the control means (22). 

5. Digital signal processing platform according to one 
of the claims 1 to 4, characterized in that the inter- 
nal data exchange means (18) comprises a first 
duplex bus means (32) adapted to a bidirectional 
transfer of digital data between a first bus interface 
(34) connected at least to the packet-switched plat- 
form interface means (28) and a second bus inter- 
face means (36-1 36-n) of the digital signal 

processing means (20-1, .... 20-n). 

6. Digital signal processing platform according to 
claim 5, characterized in that the first duplex bus 
means (32) is an on-board high bandwidth packet- 
based bus with variable packet sizes. 

7. Digital signal processing platform according to one 
of the claims 1 to 6, characterized in that the 
packet-switched platform interlace means (28) is 
adapted to variable packet sizes. 

8. Digital signal processing platform according to one 
of the claims 5 to 7, characterized in that the first 
bus interface (34) is used as bus arbitration master 
and that the second bus interface means (36-1 , .... 
36-n) is used as bus arbitration slave. 

9. Digital signal processing platform according to one 
of the claims 5 to 8, characterized in that the first 
bus interface (34) is further connected to the drcurt- 
switched platform interlace means (26) and the 
control means (22), respectively. 

10. Digital signal processing platform according to one 
of the claims 5 to 9. characterized in that it further 
comprises a first buffer memory (38) connected to 
the first bus interface means (34) and to the packet- 
switched platform interface means (28). 

11. Digital signal processing platform according to 
claim 9 or 1 0, characterized in that it further com- 
prises a second buffer memory (40) connected to 
the first bus interface means (34) and the circuit- 
switched platform interface means (26). 

12. Digital signal processing platform according to one 
of the claims 5 to 8, characterized In that the inter- 
nal data exchange means (18) further comprises a 
second duplex bus means (44) adapted to a bidi- 
rectional transfer of cfigital data between the circuit- 
switched platform interface means (26) and a first 
circuit-switched interface means (46-1, 46-n) of 
the digital signal processing means (20-1 , ... 20-n). 
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13. Digital signal processing platform according to 
claim 12, characterized In that the second duplex 
bus means (44) is a synchronous data bus. 

14. Digital signal processing platform according to s 
claim 12 or 13, characterized In that it comprises 

a third buffer memory (38) connected to the first bus 
interface means (34) and to the packet-switched 
platform interface means (28). 

10 

15. Digital signal processing platform according to one 
of the claims 1 to 4 and claim 7 back-referenced to 
claim 1, characterized In that the internal data 
exchange means (1 8) comprises a third duplex bus 
means (48) adapted to a bidirectional transfer of is 
digital data between the packet-switched platform 
interface means (28) and a packet-switched inter- 
face means (50-1 50-n) of the digital signal 

processing means (20-1 20-n). 

20 

16. Digital signal processing platform according to 
claim 15, characterized In that under control of 
the control means (22) the packet-switched plat- 
form interface means (28) is used as bus arbitration 
master and the packet-switched interface means 26 
(50-1 50-n) is used as bus arbitration slave. 

17. Digital signal processing platform according to 
claim 15 or 16, characterized In that the internal 
data exchange means (18) further comprises a 30 
fourth duplex bus means (44) adapted to a bidirec- 
tional transfer of digital data between the circuit- 
switched platform interface means (26) and a sec- 
ond circuit-switched interface means (46-1 46- 

n) of the digital signal processing means (20-1 , 35 
20-n). 

18. Digital signal processing platform according to 
claim 17, characterized in that the internal data 
exchange means (18) further comprises a fifth 40 
duplex bus means (52) adapted to a bidirectional 
transfer of control data between the control means 
(22) and the digital sigial processing means (20-1 , 

20-h). 

45 

19. Digital signal processing method for a digital cellu- 
lar mobile radio system, comprising the steps: 

a) receiving circuit-switched digital data and/or 
packet-switched digital data at a digital signal so 
processing platform (14); 

b) converting the received circurt-switched dig- 
ital data in a circurt-switched platform interface 
means (26) into an on-board data format ss 
and/or converting the received packet-switched 
digital data in a packet-switched platform inter- 
face means (28) into the on-board data format; 



c) transferring digital data in the on-board data 
format to at least one digital signal processing 
means (20-1, 20-n) via at least one on- 
board data bus (18); 

d) concurrent processing of the transferred dig- 
ital data in the digital signal processing means 
(20-1 20-n), 

e) transferring processed digital data via at the 
least one on-board data bus (18) to the circuit- 
switched interface means (26) and/or packet- 
switched interface means (28), 

f) re-converting the digital data in the on-board 
data format in circurt-switched digital data in 
the circurt-switched platform interface means 
(26) and/or packet-switched digital data in the 
packet-switched platform interface means (28), 
and 

g) transmitting the re-converted digital data to a 
circuit-switched network and/or packet- 
switched network, respectively. 

2a Digital signal processing method according to claim 
19, characterized in that the on-board data bus 
(18) is a packed-based data bus and that step c) 
comprises the variable setting of a packet data size 
for packet switching via the on-board packed-based 
data bus (18). 

21. Digital signal processing method according to claim 
19 or 20, characterized in that it further comprises 
a step to down-load programs for processing of the 
transferred digital data in the cfigital signal process- 
ing means (20-1 20-n) to the digital signal 

processing platform (14). 

22. Digital signal processing method according to one 
of the claims 19 to 21, characterized in that the 
digital signal processing means (20-1, 20-n) is 
operated in a gateway mode, in a circuit-switched 
data mode, and/or a packet-switched data mode, 
respectively. 

23. Digital signal processing method according to one 
of the claims 19 to 22, characterized in that the 
external packet size accessed via the platform 
interface for packet-switched data is variable and 
controlled by the embedded on-board program for 
the digital signal processing platform (14). 

24. Digital signal processing method according to one 
of the claims 19 to 23, characterized In that the 
number of, e.g., 64 kbit/s channels accessed via the 
platform interface for circuit-switched data is varia- 
ble and controlled by the embedded on-board pro- 



21 EP1 006742 A1 

gram for the digital signal progessing platform (14). 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 



12 



EP 1006 742 A1 




13 




14 



EP1006742A1 




A. 



uuojicid-dsa 



uijojiBid-dsa 



uuojiBid-dsa 



o 

3: 

c 



o 

to 

Am* 

o 
o 



uuojiBid-asa 



uiiojjBid-jsa 



uuojiTJid-asa 



> 



3 



15 



EP 1006 742 A1 




16 



EP 1006 742 A1 



jr 

_1_ 



c 

D _ 
a. ^fc 

Q 



0DBJJ31UJ 

-sns 



DSP-Unit 
#2 




DSP-Unit 




ODBJJ0JU| 

-sna 


03CJJ0JUI 

-sna 




Pi >* 

V 





3 

"Ho 

i— i 
CO 

< 

o 
o 

0) 



5t 



I 



o 



I 



7= 



to 



J3JIOJ1UOO 



(4 



3DBJJ31UI 



I 



33UJJ3JUI 



1 



17 



EP 1 006 742 A1 



03CJJ31UI 



c. 

_ 

a 



33CJJ31UI 

T 7 



s 

I 



0.-)CJJ01U| 



=? * 

ft 



30BJJ31UI 

Ui-sna 



O0UJJO1U1 



c 
D 

■ 

a. 
Q 



33BJJ31U] 

-sna 



•—4 

CO 

< 

o 



1 



*0 



i 



I 



^>|J3H0JJU03 

preog 



30BJJ3JUI 



<*5 



33BJJ31UI 



I 



18 



EP 1006 742 A1 



CO 

Q 



DOCJJOJUJ 



c 

f 

CL 
CO 



DDCJJOJUJ 



noirijojiij 






C 

D 
i 




a, 

CO 




Q 







3 



CO 

< 

o 



5 




30BJJ3]UI 



1 

J 



J 



1 



19 



EP 1 006 742 A1 



3 



% 

o 



id _ 

00 ^ 

Q 



3DBJJ01UJ 

7 



= cvl 

CO 

Q 



O0T5JJDJUI 



2 



<9 

OS 



5* 















cL 




Q 




00BJJ3JUI 





u 

I— I 

< 

o 

o 



4 



30EJJ31U1 



7 s 

Of 




J 



4 



J3H0J1U0D 

pjBog 



93e|]9)UI 



3DBJJ3)UI 
^lOJJUOO 



X 



i 



20 



EP 1006 742 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 12 3167 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cftahon of document with Indication, where impropriate, 



tochfan 



CLASSIFICATION OF THE 
APPLICATION (IrttCLB) 



X 

y 
y 



WO 97 16007 A (SAKSANEN PAULI ; FINLAND 
TELECOM 0Y (FI); KARHAPAEAE TU0MO (FI)) 
1 Hay 1997 

* page 10, line 31 - page 19, line 31 * 

* claims * 

EP 0 675 618 A (ALCATEL BUSINESS SYSTEMS 
; FRANCE TELECOM (FR)) 4 October 1995 

* claims + 

US 5 710 769 A (ANDERSON THOMAS WAYNE ET 
AL) 20 January 1998 

* the whole document * 

US 5 729 536 A (SAWKAR ANIL ET AL) 
17 March 1998 

* column 6, line 33 - column 10, line 40 * 

DE 41 23 851 C ((AEGE ) ANT 
NACHRICHTENTECHNIK GMBH) 26 November 1992 

* the whole document * 



The present search report has been drawn up for afl ctafrns 



1,2,19, 
22 

5-7 
5-7 

1.19 

1,19 

1,19 



H04Q7/30 
H04Q7/22 



TECHNICAL FIELDS 



H04Q 
H04L 



THE HAGUE 



btiB of oompMlofi of tt» mmjb 

29 April 1999 



CATEGORY OF CITED DOCUMENTS 

X : parBcutarty rotewam tf taken atono 

Y : parOaiarty relevant V combined wrtfi another 

document of the same category 
A '. teohnofa tymvl background 
O : non-written dcdosure 
P : tnterrnecS&te document 



Robertl, V 



T : theory or principle underlying the (mention 
E : aarOer patent document, but pubtehod on, or 

alter the flRng dale 
D : document cited In tie appltaflon 
L : document cited far other reasons 

& : memberof the same patent tarrily, corrocpaxGng " 
docurnenl 



21 



EP1006 742A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 12 3167 



This annex lists the patent family members rotating to the patent documents chad In the above-merrloned European search report 
The members are as contained In the European Patent Ortce EOP fOe on 

The European Patent Offtee Is *i no way labte for these parttcutare wrfifch are merely gken for the purpose of trrformaflon. 

29-04-1999 



pBtorrt documerrt 
cted In search 



Publication 
date 



Patent famDy 
member(s) 



Publication 



WO 9716007 


A 


01-05-1997 


AU 


7302596 A 


15-05-1997 








FI 


955810 A 


26-04-1997 


EP 0675618 


A 


04-10-1995 


FR 


2717974 A 


29-09-1995 


US 5710769 


A 


20-01-1998 


CA 


2195490 A 


29-08-1997 








EP 


0793398 A 


03-09-1997 








JP 


10051470 A 


20-02-1998 


US 5729536 


A 


17-03-1998 


CA 


2199763 A 


10-10-1997 








EP 


0801513 A 


15-10-1997 








JP 


10070753 A 


10-03-1998 


DE 4123851 


C 


26-11-1992 


NONE 







Si For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



22 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 



Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 
BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



